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FIG.2A

DCT

/

AA MOTORS HAS BROUGHT OUT
A NEW ORYX FOUR-WHEEL-DRIVE
VEHICLE, AVAILABLE IN 1800cc,
2000cc, AND 2200cc MODELS,
PRICED FROM 1,980,000 YEN,

F1G.2B

DC2

/

BB MACHINERY HAS BROUGHT OUT
A NEW DOVER FOUR-WHEEL-DRIVE
VEHICLE WITH A SUNROOF OPTION,
PRICED FROM 2,000,000 YEN
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DOCUMENT RETRIEVAL SYSTEM
RECOGNIZING TYPES AND VALUES OF
NUMERIC SEARCH CONDITIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a document retrieval sys-
tem, a search condition input apparatus, a retrieval execution
apparatus, a document retrieval method, and a document
retrieval program suitable for the retrieval of a document from
a set of documents when the search conditions submitted by
the user include numeric expressions.

2. Description of the Related Art

Japanese Unexamined Patent Application Publication No.
2000-322416 describes a technique for retrieving a document
from a set of documents by using an 1ndex that lists terms
appearing in the set of documents, the number of documents
in which each term appears (its document frequency DF), and
the frequency with which the term appears 1n each document
(its term frequency TF). When a user specifies a term as a
search condition, 1ts associated DF and TF values are obtain-
able from the index information, so they do not have to be
calculated and the retrieval time 1s shortened accordingly. The
retrieved documents can also be scored by a mathematical
formula using the DF and TF values, and when the retrieval
result 1s presented to the user, the document identifiers can be
presented 1n descending score order.

Since the DF value of a term changes over time as docu-
ments are added, deleted, or modified, the index information
includes, for each term, a plurality of DF values and the dates
on which they were calculated. If the user specifies a range of
dates as a search condition, 1n order to restrict the search to
documents added or updated within the specified date range,
the documents are scored on the basis of DF values 1n the
specified range of dates.

Since the scoring formula weights the TF values according
to the DF values, a specified date range alters all of the scores
calculated for the documents. The user in general does not
realize this, and may think that the date range has no more
significance than a keyword term search condition. The
retrieval result may therefore turn out to be rather different
from what the user expects.

There are also cases 1n which the user would like to specity
dates appearing as character strings in the documents as
search conditions, istead of specilying a range of dates on
which documents were added or modified. This 1s not pro-
vided for in the prior art cited above.

Depending on the rules by which the retrieval engine oper-
ates, the user may be able to specity a date as a retrieval
condition in the same way as an ordinary word or phrase 1s
specified, but because of the different ways 1n which dates are
presented 1n text, this type of retrieval condition does not
always vyield the desired result: for example, a search con-
ducted with ‘May 1’ as a search condition may fail to find
documents including such expressions as °5/1” or ‘lst of
May’.

In dealing with dates, accordingly, current document
retrieval techniques lack tlexibility and convenience, and tend
to produce retrieval results of poor quality and low utility. The
same 1S true for other numeric search conditions, such as
numeric expressions ol length, price, and the like.

There 1s a need for a retrieval apparatus that can treat dates
and other numeric expressions on the same basis as search
conditions not including numeric expressions, and can deal
with differences 1n numeric notation.
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2
SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a retrieval
apparatus that can make appropriate and flexible use of
numeric search conditions.

The 1nvented document retrieval system retrieves docu-
ments from a set of documents according to one or more terms
received as search conditions. The terms may include both
numeric terms, which include numeric values, and non-nu-
meric terms, which do not include numeric values.

A first processor generates numeric term index information
and non-numeric term 1index information for the documents.
The non-numeric term index information includes informa-
tion about the frequency of occurrence of non-numeric terms
in the documents. The numeric term index nformation
includes information about the types and numeric values of
numeric terms appearing in the documents. The type of a
numeric term indicates, for example, the type of quantity
represented by the numeric value of the term.

A second processor examines each numeric term recerved
as a search condition, determines its type, and generates
numeric search information indicating the type and numeric
value of the numeric term.

The first processor and the second processor may also
convert numeric terms to a standard notation.

The invention enables a set of documents to be searched to
find documents including numeric terms of the same type as
a numeric term received as a search condition, despite differ-
ences 1n numeric notation, and the documents can be scored
on the basis of, for example, how closely the numeric values
of those numeric terms match the numeric value of the
numeric term nput as the search condition. Searches can also
be based onranges ol numeric values, and date range searches
can be made without having undesired effects on non-nu-
meric search conditions.

Another embodiment of the invention 1s a machine-read-
able medium storing a program for retrieving a document
from a set of documents according to one or more terms
received as search conditions. The search terms that can be
recerved include both numeric terms, which include numeric
values, and non-numeric terms, which do not include numeric
values, and the program 1s executable by a computing device,
the program 1ncluding: instructions for generating at least one
item of index information for each document 1n the set of
documents, the index information generated for the docu-
ments including both numeric term index information and
non-numeric term index information, the non-numeric term
index information including information about frequency of
occurrence of non-numeric terms in the document, the
numeric term index information including mnformation about
types and numeric values of numeric terms appearing in the
document; and 1nstructions for examining each numeric term
received as a search condition, determining 1ts type, and gen-
erating numeric search mformation indicating the type and
numeric value of the numeric term.

BRIEF DESCRIPTION OF THE DRAWINGS

In the attached drawings:

FIG. 11s a block diagram of a document retrieval apparatus
according to a first embodiment of the invention;

FIGS. 2A and 2B show exemplary documents;

FIG. 3 shows an index table constructed from the exem-
plary documents 1n the first embodiment;

FIG. 4 1s a block diagram of a document retrieval apparatus
according to a second embodiment; and
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FIG. 5 shows an index table constructed from the exem-
plary documents 1n the second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention will now be described with
reference to the attached drawings, 1n which like elements are
indicated by like reference characters.

Referring to FIG. 1, the first embodiment 1s a document
retrieval apparatus 10 comprising a document entry unit 11, a
named enfity extractor 12, a frequency calculator 13, a
numeric converter 14, an index memory 15, a search condi-
tion mput unit 16, a numeric expression separator 17, a
numeric converter 18, an index searcher 19, a term evaluator
20, a numeric evaluator 21, a document evaluator 22, and an
output unit 23.

The document entry unit 11 receives the content of docu-
ments available for retrieval. In the drawing, the document
entry unit 11 recerves the content of two documents DC1 and
DC2, shown 1n FIGS. 2A and 2B, which form the set of
documents available for retrieval. In practice, the set of docu-
ments may of course be much larger than two documents.

From the received document contents, the named entity
extractor 12 extracts expressions that can form the basis for
retrieval of the documents. These expressions, referred to as
named entities or named character strings, are character
strings that function to indicate features of the documents.
Although various types of words and phrases can operate as
named character strings, in the present embodiment, as an
example, named character strings will be selected from
among the nouns and noun phrases appearing in the docu-
ments. The named entity extractor 12 uses natural language
processing techniques to eliminate nouns and noun phrases
that are too general 1n meaning and selects only nouns and
noun phrases with strong characterizing functions.

Named character strings can be classified as numeric or
non-numeric, depending on whether or not they contain
numeric values. The named entity extractor 12 may attach
attribute information to each named entity that i1t extracts,
indicating whether the named entity 1s a numeric named
character string or a non-numeric named character string, and
use the attribute mnformation to distinguish between numeric
named character strings and non-numeric named character
strings.

The process of extracting numeric named character strings
can be carried out by, for example, using general morphologi-
cal analysis to extract words and examining each word to
determine whether or not 1t expresses a numeric unit. If a
word expresses a numeric unit, the word and the preceding
numeric character string are extracted together as a numeric
named character string. This method extracts numeric named
character strings of the ‘(digit string)+ unit’ form. Numeric
named character strings that do not include units can also be
extracted by natural language processing.

The named entity extractor 12 supplies the non-numeric
named character strings 1t extracts from the documents to the
frequency calculator 13, and supplies the numeric named
character strings to the numeric converter 14.

The frequency calculator 13 calculates the frequency (term
frequency TF) with which a supplied non-numeric named
character string appears in the document from which 1t was
extracted (document DC1, for example), and stores the cal-
culated term frequency (TF) value in the index information
associated with the document 1n the index memory 15. Index
information icluding a non-numeric named character string
(an ordinary word) and its associated term frequency TF value
1s referred to as non-numeric mdex information.
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4

The numeric converter 14 has two functions: 1t absorbs
differences 1n numeric notation in the supplied numeric
named character strings by converting numeric named char-
acter strings to a predetermined standard numeric notation,
and 1t classifies the numeric values imto numeric types. Since
the range of differences 1n numeric notation using numeric
expressions 1s wider than the range of different ways in which
ordinary words can be written, numeric named character

strings have to be converted to a standard notation in order to
yield a high-quality retrieval results efficiently.

For example, the numeric expression ‘1 kg’, can be repre-
sented as ‘1000 g’, ‘1 kilogram’, or ‘one thousand grams’,
and by various other character strings.

Although any numeric notation can be selected as the stan-
dard numeric notation, the etficiency of the retrieval process
can be improved i a numeric notation that 1s generally used
and appears with high frequency 1s selected, because when
this notation appears, the conversion process carried out by
the numeric converter 14 can be omitted.

In the conversion process, the numeric value 1tself often
has to be converted to fit to the numeric unit used in a con-
verted numeric named character string, depending on the
relationship between the numeric notation used in the
numeric named character string before conversion and the
standard numeric notation. If, for example, the numeric
named character string ‘1 kg’ 1s converted to the numeric
named character string ‘1000 g’, the numeric value 1’ has to
be converted to the numeric value 1000°.

Numeric types indicate the type of information the numeric
value represents, such as length, weight, date, time, and so on.
Character strings naming the various numeric types are pre-
stored 1n the document retrieval apparatus 10. Examples of
such prestored numeric type character strings include
‘weight’, ‘capacity’, ‘price’, and so on.

Various methods can be used to enable the numeric con-
verter 14 to identity the numeric type of a numeric named
character string. If a numeric named character string includes
a numeric unit (°kg’, for example), the numeric converter 14
will generally be able to determine the numeric type
(‘weight’, for example) from the numeric umt. If a numeric
named character string does not include a numeric unit, the
numeric converter 14 can infer the numeric type of the
numeric value by using natural language processing tech-
niques.

The mdex memory 15 stores the numeric values and
numeric type character strings of numeric named character
strings obtained from a document (document DCI1, for
example) as numeric index mformation associated with the
document. The mdex memory 135 stores index information
associated with each document 1n the set of documents (docu-
ments DC1 and DC2 1n the present example). Depending on
the content of an individual document, the index information
associated with the document may 1include only non-numeric
index information or only numeric index information, but the
index information generally includes both non-numeric index
information and numeric index iformation.

The document retrieval apparatus 10 assigns unique docu-
ment 1dentifiers to the individual documents in the set of
documents. FIG. 3 shows an index table TB1 providing the
index information associated with documents DC1 and DC2,
using document identifiers 1 and 2 to identity documents

DC1 and DC2, respectively.

The table TB1 1n FIG. 3 1s orgamized into a character string,
column, a document 1dentifier column, and a term frequency
or numeric value column.
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Named character strings (both non-numeric named char-
acter strings and numeric named character strings) are listed
in the character string column. Numeric character strings are
listed by type.

The document identifiers of the documents from which the
named character strings were extracted are listed 1n the docu-
ment 1dentifier column.

The term frequency or numeric value column gives the
calculated term frequency TF of non-numeric named charac-
ter strings and the numeric values included 1n numeric named
character strings.

It would be natural to list the term frequency TF of non-
numeric named character strings and the numeric values of
numeric named character strings in separate columns, but
since a non-numeric named character string has a TF value
but no numeric value, and a numeric named character string
has a numeric value butno TF value, 1t us possible to list both
values 1in the same column. This scheme has the advantages of
saving storage space and enabling the index table to have the
same column structure as 1n conventional document retrieval
apparatus using term frequency.

A numeric expression may sometimes be used as a proper
noun or 1n some other non-numeric way, (as when 1951 1s
used as a film title, for example). In this case it would be
preferable to have separate columns so that both the term
frequency TF of the numeric expression and its numeric value
could be indexed. While the invention may be practiced with
separate term frequency and numeric value columns, 1n the
present embodiment both items of information will be listed
in the same column, as 1n FIG. 3.

Table TB1 1n FIG. 3 includes fifteen rows L1-L1S. The
rows having document identifier 1 give index information for
document DC1; the rows having document identifier 2 give
index information for document DC2. Each row includes a
character string, its document identifier, and its term fre-
quency or numeric value: for example, row L2 includes the
character string ‘four-wheel drive vehicle’, document 1denti-
fier 1, and term frequency 1; row L3 includes the character
string ‘four-wheel drive vehicle’ document 1dentifier 2, and
term frequency 1; and row L4 includes the character string
‘Oryx’, document identifier 1, and term frequency 1.

Rows L7-1.11 are headed by numeric type character strings
(‘capacity’ and ‘price’) and give numeric index information;
rows L1-1.6 and L.12-L.15 are headed by non-numeric named
character strings (‘four-wheel-drive vehicle’, for example)
and give non-numeric index mformation.

The numeric values 1n the fields designated T11-1T19 in
cach row 1n FIG. 3 indicate the term frequency TF of a
non-numeric named character string or the numeric value
included 1n a numeric named character string.

A user Ul who wants to retrieve a document enters char-
acter strings as search conditions into the search condition
input unit 16. The search conditions accepted by the search
condition mput unit 16 depend on the design of the user
interface of the search condition mnput unit 16; the user Ul
selects search conditions for input from within the accepted
range ol search conditions. In one example, the user interface
displays one field on a screen for entry of numeric named
character strings (input numeric character strings) and
another field for entry of non-numeric named character
strings (input non-numeric character strings), and admuits the
entry of any type of numeric character strings in the numeric
entry field. A user Ul who enters both mput numeric and
non-numeric character strings as search conditions will
become most thoroughly aware of the features of the first
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embodiment, so 1t will be assumed 1n the description below
that both input numeric and non-numeric character strings are
entered.

The numeric expression separator 17 1s supplied with input
numeric and non-numeric character strings from the search
condition 1nput umt 16, and determines whether each sup-
plied input character string 1s a numeric character string or a
non-numeric character string. The numeric expression sepa-
rator 17 supplies input character strings that are determined to
be numeric character strings to the numeric converter 18, and
supplies input character strings that are determined to be
non-numeric character strings to the index searcher 19.

Although the numeric expression separator 17 may have
the same natural language processing functions as the named
entity extractor 12, and use these functions to determine
whether an 1nput character string 1s a numeric character string,
or a non-numeric character string, a much simpler decision
process may be adequate, depending on the configuration of
the user interface.

I1, for example, the user iterface provides a first field for
entry of numeric character strings and a second field for entry
of non-numeric character strings, as described above, then
whether an input character string 1s numeric or non-nUMeEric
can be determined from the field 1n which the character string
1s entered.

The numeric converter 18 has the same function as the
numeric converter 14, so a detailed description will be omut-
ted. The numeric converter 18 converts an input numeric
character string to a numeric value in the standard numeric
notation and obtains its numeric type character string. The
numeric value i the standard numeric notation and the
numeric type character string are supplied to the numeric
evaluator 21; the numeric type character string 1s also sup-
plied to the index searcher 19.

To search table TB1, the index searcher 19 uses an input
non-numeric named character string (‘four-wheel-drive
vehicle’, for example) supplied from the numeric expression
separator 17 or anumeric type character string (‘capacity’, for
example) as a search key and searches for matching index
information. There may be multiple search keys. The search
initially yields the term frequency TF of each non-numeric
named character string and the numeric value or values asso-
ciated with each numeric type character string; these initial
results are then processed (evaluated) to select one or more
documents or document 1dentifiers to be presented to the user
U1 as the final retrieval result. The single document that best
fits the input search conditions may be selected, or a specified
number of best-fitting documents may be selected. Alterna-
tively, the document identifiers of all the documents found in
the initial search process may be presented in an order
depending on their goodness of fit with the mput search
conditions. Both the term frequency TF or numeric value and

the document 1dentifier should then be obtained i1n the 1nitial
search of table TB1.

The term evaluator 20 and numeric evaluator 21, or third
processor and fourth processor, respectively, carry out the
evaluation process mentioned above, and the document
evaluator 22 obtains the final retrieval result from the result of
the evaluation process.

From the term frequency TF obtained by using an input
non-numeric character string as a search key, the term evalu-
ator 20 calculates a non-numeric evaluation index indicating
a goodness of fit between the non-numeric search condition
and each document. The non-numeric evaluation index may
be calculated by formula (1) below, 1n which C, and C, are
constants.
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C < TF/ACo+TF) (1)

The constants C; and C, can be given various specific
values, such as C,=1.5 and C,=1, for example.

Instead of formula (1), other methods of using term 1ire-
quency to evaluate goodness of {it may be used as 1n conven-
tional document retrieval systems.

The numeric evaluator 21 finds a numeric evaluation index
that indicates goodness of fit between the numeric value
included 1n an input numeric character string (a numeric
condition) and the individual numeric values included 1n
numeric named character strings having the same numeric
type character string as the input numeric character string.
Among documents including numeric entities with this
numeric type character string, the document including the
numeric value closest to the numeric value included 1n the
input numeric character string 1s evaluated as best fitting the
numeric condition.

To select the numeric value closest to the value 1n an input
numeric character string, the ratio between the two values
may be calculated and used as the numeric evaluation index,
taking the reciprocal if the ratio 1s greater than unity, so that
the highest ratio indicates the best fit. Other general numeric
comparison methods may also be used.

If a document does not include any numeric named char-
acter string having the same numeric type character string as
the input numeric character string, 1ts goodness of fit 1s prei-
erably set to the minimum value (zero, for example) 1n the
numeric evaluation index scale.

For both numeric and non-numeric character strings
entered as search keys, a higher evaluation index value 1ndi-
cates a better fit. If a plurality of non-numeric character
strings are entered as search conditions, the evaluation index
should be calculated so as to favor the documents including
the most terms that appear with comparatively high fre-
quency.

The document evaluator 22 or fifth processor combines the
non-numeric evaluation index obtained by the term evaluator
20 and the numeric evaluation index obtained by the numeric
evaluator 21 for each document (that 1s, each document 1den-
tifier) to evaluate its overall goodness of {it. Various methods
of combining the numeric and non-numeric evaluation
indexes are possible; a convenient method 1s simply to take
the sum of the numeric and non-numeric evaluation indexes
as the combined evaluation result.

The output unit 23 presents the final retrieval result to the
user Ul. This can be done by various methods as noted above:
for example, the document identifier (or the content) of one
document or a specified number of documents that best fit the
search condition may be presented as the final retrieval result;
the document 1dentifiers of documents for which the overall
goodness of fit calculated by the document evaluator 22
exceeds a predetermined threshold value may be presented;
or the document 1dentifiers of all the documents (documents
DC1 and DC2, 1n the present example) may be presented 1n
order of their goodness of fit, with the document identifier of
the document best fitting the search condition at the top of the
list.

The constituent elements described above combine to
operate as follows.

Before retrieving documents according to search condi-
tions entered by the user U1, the document retrieval apparatus
10 generates table TB1 as described below.

When a document (document DC1, for example) 1s
received Irom the document entry unit 11, the named entity
extractor 12 extracts from the received document DC1 named
character strings that indicate features of the document, sup-
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8

plies the numeric named character strings 1t extracts from the
document to the numeric converter 14, and supplies the non-
numeric named character strings to the frequency calculator
13. Non-numeric named character strings such as ‘AA
Motors’, ‘four-wheel-drive vehicle’, ‘Oryx’, ‘model’, and
‘price’, and numeric named character strings such as ‘1800
cc’, ‘2000 cc’, ‘2200 cc’, and 1,980,000 yen’ are extracted
from the content of document DC1 shown in FIG. 2A.

When the frequency calculator 13 processes the non-nu-
meric named character string ‘AA Motors’, the frequency
calculator 13 calculates the term frequency (1) with which the
non-numeric named character string ‘AA Motors’ appears 1n
document DC1, and generates the highest row L1 1n table
TB1 1n FIG. 3. Row L1 then includes document 1dentifier 1
for document DC1. Other non-numeric named character
strings such as ‘four-wheel-drive vehicle’ are processed in the
same way as the non-numeric named character string ‘AA
Motors’: the frequency calculator 13 generates rows 12,
[.4-1.6, and .12 in table TB1 one by one. The generation of
non-numeric ndex mformation 1s thereby completed.

The order in which the non-numeric named character
strings are processed may differ from the order described
above.

When the numeric converter 14 processes the numeric
named character string ‘1800 cc’, since 1ts numeric unit 1s
‘cc’, the numeric converter 14 can easily tell that the included
numeric value should have the numeric type character string
‘capacity’. Although the numeric converter 14 converts
numeric named character strings to standard numeric nota-
tion as necessary, since the numeric named character string
‘1800 cc’ 1s originally written 1n document DC1 1n the stan-
dard numeric notation, this conversion can be omitted. From
the numeric named character string ‘1800 cc’, the numeric
converter 14 generates row L7 1n table TB1.

In the term frequency or numeric value column, row L7
does not include the term frequency (1) with which the
numeric named character string ‘1800 cc” appears 1n docu-
ment DC1 but instead includes the numeric value ‘1800°, as
described above. Like the rows (row L1, for example) that the
frequency calculator 13 generates from the non-numeric
character strings, row L7 includes the document identifier (1)
of document DC1.

The numeric converter 14 processes the other numeric
named character strings ‘2000 cc’, <2200 cc’, and ‘1,980,000
yen’ 1n the same way as the numeric named character string
‘1800 cc’ to generate rows LL8-1.10 1n table TB1. The genera-
tion of numeric index information associated with document
DC1 1s thereby completed.

The order 1n which the numeric named character strings are
processed may differ from the order described above.

The frequency calculator 13 and the numeric converter 14
also process the non-numeric and numeric character strings
extracted from document DC2 1n FIG. 2B 1n the manner
described above to generate rows L3, 11, and L.13-L15 1n
table TB1.

With table TB1 1n FIG. 3 thus completed, the document
retrieval apparatus 10 1s ready to retrieve documents accord-
ing to search conditions entered by the user Ul. The docu-
ment retrieval operation will be described below. It will be
assumed 1n the description below that the document 1dentifi-
ers of all the documents are presented as the final retrieval
result. The document 1dentifiers are presented to the user Ul
in an order depending on the goodness of {it with the search
conditions entered by the user Ul.

The user Ul selects search conditions for input from within
the range of search conditions accepted by the user interface
provided by the search condition mput unit 16. It will be
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assumed as an example 1n the description below that the
character strings ‘four-wheel-drive vehicle’, ‘sunroot’, 2000
cc’ and ‘2 million yen’ are entered.

The numeric expression separator 17 determines whether
cach input character string 1s a numeric character string or a
non-numeric character string, supplies input character strings
that are determined to be numeric character strings to the
numeric converter 18, and supplies mput character strings
that are determined to be non-numeric character strings to the
index searcher 19.

Although numeric character strings can be identified by
various methods as noted above, 1f the user U1l enters each
input numeric character string with a numeric unit as in the
present example, the numeric expression separator 17 will
casily be able to 1dentily numeric input character strings from
the numeric unit, even if the user interface allows any form of
text to be entered 1n the search condition field.

The numeric converter 18 operates 1n the same way as the
numeric converter 14, identifying numeric type character
strings for the character strings that are determined to be
numeric character strings by the numeric expression separa-
tor 17, and supplies the numeric type character strings to the
index searcher 19.

‘Capacity’ 1s identified as the numeric type character string
of the mput numeric character string ‘2000 cc’; ‘price’ 1s
identified as the numeric type character string of the input
numeric character string ‘2 million yven’. The input numeric
character string ‘2 million yen’ 1s converted to the standard
notation 2000000 ven’.

When a numeric type character string i1s supplied to the
index searcher 19, the index searcher 19 searches table TB1
by using the numeric type character string and the input
numeric character string from which the numeric type char-
acter string was 1dentified as search keys. The retrieval
results, however, must be organized 1n association with the
document 1dentifiers.

In the present example there are just two documents. It will
be assumed that document DC1 1s evaluated first; then docu-
ment DC2 1s evaluated.

When the index searcher 19 searches table TB1 by using
the numeric type character string ‘capacity’ as the search key,
the document identifier (1) of document DC1 and the numeric
values ‘18007, 2000, and ‘2200’ 1n rows L.7-1.9 are obtained.
Among the numeric values 1in rows L7-1.9, the numeric value
‘2000” 1n row L8 1s closest to the value of the input numeric
character string ‘2000 cc’. Since the numeric value <2000 1n
row L8 matches the value ‘2000’ of the input numeric char-
acter string ‘2000 cc’ in the present example, the calculated
ratio between the two values 1s unity (2000/2000=1). This
value (1) 1s used 1n calculating the numeric evaluation index
for document DC1.

When the index searcher 19 searches table TB1 by using
the numeric type character string ‘price’ as the search key, the
document 1dentifiers (1) and (2) and numeric values
*1980000” and ‘2000000’ 1n rows .10 and .11 are obtained.
Since row .11 does not include the document identifier (1) of
document DC1, row L11 1s omitted when the goodness of {it
between document DC1 and the search condition 1s evalu-
ated.

When the ratio between the numeric value ‘1980000° in
row L10 and the numeric value ‘2000000’ of the converted
input numeric character string ‘2000000 yen’ 1s calculated,
the ratio 1980000/2000000=0.99 1s obtained. This value
(0.99) 1s also used 1n calculating the numeric evaluation index
for document DC1.

These ratios and the numeric evaluation index are calcu-
lated by the numeric evaluator 21.
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The term evaluator 20 calculates the non-numeric evalua-
tion index for document DC1 by using formula (1). When the
index searcher 19 selects the mput non-numeric character
string ‘four-wheel-drive vehicle’ from the 1nput non-numeric
character strings ‘four-wheel-drive vehicle’ and ‘sunroof”
entered by the user U1 and searches table TB1 using the input
non-numeric character string ‘four-wheel-drive vehicle” as
the search key, rows .2 and L3 are obtained. When the good-
ness of fit of document DC1 1s evaluated, row L3 1s omitted
because it includes the wrong document i1dentifier (2). The
term frequency TF (unity, in the present example) of the other
row L2 1s substituted into formula (1), and the value of
0.75=1.5x1/(1+1) 1s obtained. This value (0.75) 1s used 1n
calculating the non-numeric evaluation index for document
DC1.

When the 1index searcher 19 searches table TB1 by using
the input non-numeric character string ‘sunrooi’ as the search
key, row LL14 1s obtained. Since row .14 1ncludes the docu-
ment 1dentifier (2) of document DC2, row .14 1s omitted, so
the mput non-numeric character string ‘sunrooi” does not
increase the goodness of fit between the non-numeric search
condition and document DC1.

If the document evaluator 22 adds all the values contribut-
ing to the numeric and non-numeric evaluation indexes and
uses the sum as the final goodness of {it for document DC1,
the calculated final goodness of fit for document DC1 1s 2.74
(=1+0.99+0.75).

The numeric evaluator 21, term evaluator 20, and docu-
ment evaluator 22 also process document DC2 1n the manner
described above.

As can be seen from FIGS. 2B and 3, the non-numeric
character strings ‘four-wheel-drive vehicle’ and ‘sunroof”
appear once each in document DC2, so the non-numeric
evaluation index i1s calculated as 0.75+0.75=1.5 by using
formula (1). Since the mput numeric character string ‘2 mil-
lion yen’ appears 1n document DC2, the calculated numeric
evaluation 1ndex 1s 2000000/2000000=1. Accordingly, the
final goodness of fit for document DC2 1s 2.5=(1.5+1).

The document evaluator 22 compares the final goodness of
fit (2.74) for document DC1 with the final goodness of fit (2.5)
for document DC2, finds that the final goodness of fit for
document DC1 1s greater than the final goodness of fit for
document DC2, and concludes that document DC1 fits the
search conditions entered by the user Ul better than docu-
ment DC2. The document evaluator 22 can present the docu-
ment 1dentifiers (1) and (2) of documents DC1 and DC2 for
display from the output unit 23 1n order of their goodness of
f1t, with the document 1dentifier (1) of document DC1 listed
above the document 1dentifier (2) of document DC2.

In the first embodiment the quality of the retrieval result 1s
high even when numeric values appearing as character strings
in the documents are specified as retrieval conditions, rather
than numeric values appearing in document management
information. For example, documents quoting prices 1n a
speciflied range can be found with the same accuracy with
which documents added within a specified range of dates are
found. The first embodiment also provides greater flexibility
and convenmience than the prior art.

Evaluating the goodness of fit to a numeric search condi-
tion on the basis of how closely the numeric value of the
search condition 1s matched 1s more appropriate than count-
ing the number of times the numeric value appears 1n the
document. Furthermore, when the overall goodness of fit to a
plurality of search conditions is evaluated, numeric search
conditions and non-numeric search conditions can be given
equal weight. Accordingly, even if the user does not under-
stand exactly how the retrieval system works, the retrieval
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result will usually not differ greatly from what the user
expects. The system 1s thus convenient to use, because the
user can obtain desired results without having to learn the
intricate details of the retrieval process.

Second Embodiment

Referring to FIG. 4, the second embodiment 1s a document
retrieval apparatus 30 that differs from the document retrieval
apparatus 10 1n the first embodiment 1n FIG. 1 by including a
different index memory 15 and an additional numeric range
processor 31. Only the differences between the first and sec-
ond embodiments will be described below.

The index memory 15 1n the second embodiment stores
index information in the form of table TB2 shown 1n FIG. 5.
Table TB2, consisting of rows 1.21-1.36, differs from table
TB1 (FIG. 3) i that the numeric values of numeric named
character strings included 1n a document (document DC1, for
example) are listed 1n the form of numeric ranges.

To list the numeric values of numeric named character
strings included in a document by their numeric range, the
numeric range processor 31 1n the second embodiment gen-
erates numeric type character strings that are not used 1n the
first embodiment. Among the numeric values representing the
same type of information and having the same numeric type
character string in the first embodiment, the numeric range
processor 31 generates a maximum numeric type character
string including a character string indicating a maximum
value (‘max’, 1n the present example) and assigns 1t to the
maximum numeric value of this type 1n the document; the
numeric range processor 31 also generates a minimum
numeric type character string including a character string
indicating a minimum value (‘min’, 1n the present example)
and assigns it to the mimimum numeric value of this type in the
document.

Accordingly, there are two versions of, for example, the
numeric type character string ‘capacity’: a maximum
numeric type character string ‘capacity-max’ indicating the
maximuim capacity appearing in the document, and a mini-
mum numeric type character strmg ‘capacity-min’ indicating
the minimum capacity appearing in the document. In the
description of the second embodiment that follows, only
these two values are stored 1n the index memory 135. If usetul
for the evaluations made in the numeric evaluator 21, how-
ever, other numeric type character strings mdlcatmg, for
example, amedian value, an average value, an only value, and
so on may also be used.

In the example 1n FIG. 5, since only numeric type character
strings indicating the maximum value and minimum value are
used, the numeric value ‘1980000’ included in the sole
numeric named character string (‘1,980,000 yen’) classified
under the numeric type character string ‘price’ 1n document
DC1 1s listed 1n two rows (.29 and 1.31).

There are various possible methods of evaluating the good-
ness of it between a document and the mput search condi-
tions by using numeric ranges found by searching table TB2;
the following 1s one method that may be used.

When a user Ul enters an input numeric named character
string including a numeric value of the numeric type ‘capac-
ity as a search condition, 11 the input capacity value 1s within
the numeric range (ol 2200 cc to 1800 cc, 1n the present
example) obtained from the numeric values of the maximum
and minimum numeric type character strings ‘capacity-max’
and ‘capacity-min’ in rows .27 and L28 1n table TB2, the
numeric evaluation index calculated by the numeric evaluator
21 1s unity; this value (1) corresponds to the value (1) of the
ratio between a numeric value 1n table TB1 and a matching,
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value of an 1nput numeric character string in the first embodi-
ment. If the input capacity value 1s outside the numeric range,
the numeric evaluation index 1s zero.

Alternatively, 11 the input capacity value 1s outside the
numeric range, the numeric evaluator 21 may determine
whether this 1s because the input capacity value 1s greater than
the maximum value 1n the numeric range or less than the
minimum value, and evaluate accordingly. If the input capac-
ity value 1s greater than the maximum value 1n the numeric
range, the numeric evaluator 21 finds the ratio between the
input capacity value and the maximum value, and uses this
ratio in calculating the numeric evaluation 1ndex; 1f the input
capacity value 1s less than the minimum value 1n the numeric
range, the numeric evaluator 21 finds the ratio between the
input capacity value and the mimimum value, and uses this
ratio 1n calculating the numeric evaluation index.

Even if the mput capacity value 1s within the numeric
range, the numeric evaluation index may differ depending on
whether the 1nput capacity value 1s near the median value 1n
the range, or near the minimum or maximum value in the
range: the closer the input capacity value 1s to the median
value 1n the range, the higher 1ts numeric evaluation index
(goodness of fit) becomes; the closer the input capacity value
1s to the minimum or maximum value and the farther 1t 1s from
the median value, the lower the numeric evaluation index
becomes.

The numeric evaluator 21 also processes numeric values of
numeric types other than the numeric type ‘capacity’ (such as
the numeric type ‘price’, for example) in the manner
described above.

The second embodiment provides eflects substantially
equivalent to the effects obtained 1n the first embodiment.

In addition, in the second embodiment, when only maxi-
mum and minimum numeric type character strings are used,
for one numeric type (the numeric type °‘capacity’, for
example) 1n one document (document DC1, for example),
there are never more than two numeric type character stings
(the maximum and minimum numeric type character strings
‘capacity-max’ and ‘capacity-min’, for example) designating
the same type of numeric value. Accordingly, only two rows
in table TB2 are required, no matter how many numeric
values of this type the document may contain; increases in
table size are thereby avoided, and memory usage 1s reduced.

For example, although the numeric type character string
‘capacity’ 1s listed 1n three rows (LL7-L9) associated with
document DC1 1n table TB1 1n FIG. 3, the second embodi-
ment uses only two rows, listing the maximum and minimum
numeric type character stings ‘capacity-max’ and ‘capacity-
min’, for the same document DCI1.

This feature can be exploited by modifying the second
embodiment to allow a user (Ul) to specily a document
identifier to obtain information about words (numeric named
character strings, for example) appearing in the specified
document. The reduced size of the table (ITB2) 1n the second
embodiment will speed up the retrieval of the desired infor-
mation.

OTHER EMBODIMENTS

Although the set of documents 1n the first and second
embodiments described above includes two documents DC1
and DC2, the set of documents may 1nclude only one docu-
ment, or three or more documents. In most cases the set of
documents will include many more than three documents.

Although single words (input numeric and non-numeric
character strings) are entered as search conditions 1n the first
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and second embodiments, compound words and phrases may
also be entered as search conditions.

The document contents are not limited to the type of con-
tents shown 1n FIGS. 2A and 2B. The organization and con-
tents of the index memory are not similarly limited to the
organization and contents shown 1n FIGS. 3 and 5.

For example, the term frequency TF used as mdex infor-
mation in the embodiments described above may be supple-
mented by another type of index information (document fre-
quency DEF, for example), or may be replaced with another
type of index information.

The index information may also be organized in a tree
structure. In particular, when there are a large number of
numeric named character strings 1n a document, so that the
table of numeric index information (table TB1, for example)
includes a large number of rows, searching for the closest
numeric value to a numeric value included 1n an input
numeric character string can be a computationally demanding
task, but it 1s greatly facilitated if the index immformation 1s
organized in a tree structure.

Each constituent element of the document retrieval appa-
ratus 10 and 30 1s included 1n the indexing part that generates
index information when documents are received, or the
retrieval part that uses the index information to retrieve docu-
ments when search conditions are entered. Each of these two
parts 1s useful in itself, so the invention may be practiced in an
apparatus having only the indexing function or an apparatus
having only the retrieval function. The indexing part includes
the document entry unit 11, the named entity extractor 12, the
frequency calculator 13, the numeric converter 14, the index
memory 15 and the numeric range processor 31; the retrieval
partincludes the index memory 15, the search condition input
unit 16, the numeric expression separator 17, the numeric
converter 18, the index searcher 19, the term evaluator 20, the
numeric evaluator 21, the document evaluator 22, and the
output unit 23.

Although it has been assumed in the above descriptions of
the first and second embodiments that the user U1 1s a human
being, the user Ul may be an mformation processor or a
communication device.

Most of the functions realized in hardware 1n the descrip-
tion above can also be realized i1n software; most of the
functions realized in soiftware can also be realized 1n hard-
ware.

Those skilled 1n the art will recognize that further varia-
tions are possible within the scope of the invention, which 1s
defined in the appended claims.

What 1s claimed 1s:

1. A document retrieval system for retrieving a document
from a set of documents according to one or more terms
received as search conditions submitted by a user, the terms
that can be receiwved including both numeric terms, which
include numeric values, and non-numeric terms, which do not
include numeric values, the document retrieval system com-
prising;:

a first processor for generating at least one item of index
information for each document 1n the set of documents,
the index information generated for the documents
including both numeric term index information and non-
numeric term index information, the non-numeric term
index information including information about fre-
quency of occurrence of non-numeric terms 1n the docu-
ment, the numeric term index information including
information about types and numeric values of numeric
terms 1n the document;

a memory unit for storing the index information generated
by the first processor;
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a second processor for examining each numeric term
received as a search condition, determining 1ts type, and
generating numeric search imnformation indicating the
type and numeric value of the numeric term;

a third processor for using the non-numeric term index
information generated by the first processor to calculate,
for each document in the set of documents including a
non-numeric term received as a search condition, a first
numeric quantity having a single numeric value indicat-
ing a goodness of it between the non-numeric term and
the document;

a fourth processor for using the numeric term index infor-
mation generated by the first processor and the numeric
search information generated by the second processor
from a numeric term recerved as a search condition to
calculate, for each document 1n the set of documents
including a numeric term of the same type as the numeric
term received as the search condition, by comparing
numeric values of the numeric terms, a second numeric
quantity having a single numeric value indicating a
goodness of it between the numeric term recerved as the
search condition and the document, closer numeric val-
ues indicating better fits;

a fifth processor for calculating, for a document in the set of
documents, a third numeric quantity indicating a good-
ness of fit between the document and the one or more
terms received as search conditions, the third numeric
quantity being calculated from the first and second
numeric quantities; and

an output unit for sending information for displaying a list
of documents from the set of documents to the user
according to the third numeric quantity.

2. The document retrieval system of claim 1, wherein the
type ol a numeric term indicates the type of quantity repre-
sented by the numeric value of the numeric term.

3. The document retrieval system of claim 1, further com-
prising wherein the index information 1s stored in a table in
which frequencies of non-numeric terms and numeric values
of numeric terms are both stored together 1n a single column.

4. The document retrieval system of claim 1, wherein the
third numeric quantity i1s a sum of the first and second numeric
quantities obtained for the document from the one or more
terms received as search conditions.

5. The document retrieval system of claim 1, further com-
prising an output unit presenting documents for which the
third numeric quantity exceeds a predetermined quantity.

6. The document retrieval system of claim 1, wherein the
numeric term index information generated for a document in
the set of documents includes, for each type of numeric term
appearing 1n the document, all numeric values of numeric
terms of said type appearing 1n the document.

7. The document retrieval system of claim 1, wherein the
numeric term index information generated for a document in
the set of documents 1includes, for each type of numeric term
appearing 1n the document, a minimum numeric value
appearing 1n the document and a maximum numeric value
appearing 1n the document.

8. The document retrieval system of claim 7, wherein the
numeric term index information generated for a document in
the set of documents also 1ncludes, for each type of numeric
term appearing in the document, a median value appearing in
the document.

9. The document retrieval system of claim 1, wherein the
numeric information generator and the index information
generator convert numeric values to a standard notation.

10. The document retrieval system of claim 1, wherein each
of the first processor, the second processor, the third proces-
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sor, fourth processor, and the fifth processor separately com-
prises a memory and a computing device, the memory storing
istructions executed by the computing device.

11. The document retrieval system of claim 1, further com-
prising a computing device, wherein each of the first proces-
sor, the second processor, the third processor, and the fourth
processor and the fifth processor separately comprises a
memory storing instructions executed by the computing
device.

12. The document retrieval system of claim 1, wherein the
fourth processor, 1n deriving the second numeric quantity,
calculates a ratio between numeric values of the numeric term
received as the search condition and the numeric term of the
same type as the numeric term received as the search condi-
tion, appearing 1n the document.

13. A retrieval execution apparatus for use 1n a system for
retrieving a document from a set of documents according to
one or more terms recerved as search conditions submitted by
a user, the terms that can be received including both numeric
terms, which include numeric values, and non-numeric terms,
which do not include numeric values, the retrieval execution
apparatus having:

a first processor for generating at least one 1tem of mdex
information for each document 1n the set of documents,
the imndex information generated for the documents
including both numeric term index information and non-
numeric term index information, the non-numeric term
index information including information about {ire-
quency ol occurrence of non-numeric terms 1n the docu-
ment, the numeric term index information including
information about types and numeric values of numeric
terms 1n the document:

a second processor for examimng each numeric term
received as a search condition, determining 1ts type, and
generating numeric search information indicating the
type and numeric value of the numeric term;

a third processor for using the non-numeric term index
information generated by the index information genera-
tor to calculate, for each document in the set of docu-
ments including a non-numeric term recerved as a search
condition, a first numeric quantity having a single
numeric value indicating a goodness of {it between the
non-numeric term and the document;

a Tourth processor for using the numeric term 1ndex infor-
mation generated by the first processor and the numeric
search information generated by the second processor
from a numeric term received as a search condition to
calculate, for each document 1n the set of documents
including a numeric term of the same type as the numeric
term received as the search condition, by comparing
numeric values of the numeric terms, a second numeric
quantity having a single numeric value indicating a
goodness of {it between the numeric term recerved as the
search condition and the document, closer numeric val-
ues indicating better fits;

a fifth processor for calculating, for a document 1n the set of
documents, a third numeric quantity indicating a good-
ness of fit between the document and the one or more
terms received as search conditions, the third numeric
quantity being calculated from the first and second
numeric quantities; and

an output unit for sending information for displaying a list
of documents from the set of documents to the user
according to the third numeric quantity.

14. The retrieval execution apparatus of claim 13, wherein

the type of a numeric term indicates the type of quantity
represented by the numeric value of the numeric term.
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15. A method of retrieving a document from a set of docu-
ments according to one or more terms received as search
conditions submitted by a user, the terms that can be recerved
including both numeric terms, which include numeric values,
and non-numeric terms, which do not include numeric values,
the method comprising;:

generating at least one 1tem of index information for each
document in the set of documents, the index information
generated for the documents including both numeric
term 1ndex information and non-numeric term index
information, the non-numeric term index information
including information about frequency of occurrence of
non-numeric terms 1n the document, the numeric term
index information including information about types
and numeric values of numeric terms appearing in the
document; and

examining each numeric term recerved as a search condi-
tion, determining 1ts type, and generating numeric
search information indicating the type and numeric
value of the numeric term;

using the non-numeric term index information to calculate,
for each document in the set of documents including a
non-numeric term received as a search condition, a first
numeric quantity having a single numeric value indicat-
ing a goodness of it between the non-numeric term and
the document; and

using the numeric term index information and the numeric
search information generated from a numeric term
recetved as a search condition to calculate, for each
document 1n the set of documents including a numeric
term of the same type as the numeric term received as the
search condition, by comparing numeric values of the
numeric terms, a second numeric quantity having a
single numeric value indicating a goodness of fit
between the numeric term received as the search condi-

tion and the document, closer numeric values indicating
better fits;

calculating, for a document in the set of documents, a third
numeric quantity having a single numeric value indicat-
ing a goodness of fit between the document and the one
or more terms received as search conditions, the third
numeric quantity being calculated from the first and
second numeric quantities; and

sending information for displaying a list of documents
from the set of documents to the user according to the
third numeric quantity.

16. A machine-readable medium storing a program for
retrieving a document from a set of documents according to
one or more terms recerved as search conditions submitted by
a user, the search terms that can be received including both
numeric terms, which include numeric values, and non-nu-
meric terms, which do not include numeric values, the pro-
gram being executable by computing device, the program
including;:

instructions for generating at least one 1tem of index infor-
mation for each document 1n the set of documents, the
index mformation generated for the documents includ-
ing both numeric term index mformation and non-nu-
meric term 1ndex information, the non-numeric term
index information including information about fre-
quency of occurrence of non-numeric terms 1n the docu-
ment, the numeric term index information including
information about types and numeric values of numeric
terms appearing in the document;

instructions for examining each numeric term received as a
search condition, determining 1ts type, and generating,
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numeric search information indicating the type and
numeric value of the numeric term;

instructions for using the non-numeric term index nfor-
mation to calculate, for each document 1n the set of
documents including a non-numeric term received as a
search condition, a first numeric quantity having a single
numeric value indicating a goodness of fit between the
non-numeric term and the document; and

instructions for using the numeric term mdex information
and the numeric search information generated from a
numeric term received as a search condition to calculate,
for each document 1n the set of documents including a
numeric term of the same type as the numeric term
received as the search condition, by comparing numeric
values of the numeric terms, a second numeric quantity
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having a single numeric value indicating a goodness of
fit between the numeric term receiwved as the search
condition and the document, closer numeric values 1ndi-
cating better fits;

instructions for calculating, for a document 1n the set of
documents, a third numeric quantity having a single
numeric value indicating a goodness of fit between the
document and the one or more terms received as search
conditions, the third numeric quantity being calculated
from the first and second numeric quantities; and

instructions for sending information for displaying a list of
documents from the set of documents to the user accord-
ing to the third numeric quantity.
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